Background: Uric acid is synthesized from xanthine via xanthine oxidase as an end-product of purine metabolism. Uric acid is a major non-enzymatic antioxidant in the blood, and it exerts a protective action on vitamin C. There are a limited number of ICU studies related to uric acid, which is a valuable prognostic biomarker. This study aimed to evaluate the utility of uric acid as a biomarker in predicting the outcomes of critically ill patients. Methods: This prospective, multi-centered cohort study included 128 patients from two different intensive care units who met the study inclusion criteria between May 2017 and October 2017. Study inclusion criteria were first admission to the ICU, age > 18 years, and ICU stay > 24 hours. In each patient, baseline serum uric acid levels were measured after acute interventions, prior to the initiation of the treatment process. Results: When comparing the last uric acid levels of patients, the median last uric acid levels in the non-survival and survival groups were significantly different (p = 0.001). A last uric acid level > 4.5 mg/dL was associated with a 2.638 times higher risk (relative risk) for mortality. According to ROC analysis, a cutoff value of 1.5 for the ratio between the last two uric acid levels had a sensitivity of 0.21 and a specificity of 0.96 for predicting mortality. A 1.5-fold increase in the uric acid level yielded a positive predictive value of 92.6% and a negative predictive value of 65.2% for predicting mortality. The median uric level in the patient subset with ARDS, was significantly higher than those without ARDS (p = 0.001). Conclusions: Results of this study indicate that a time-dependent increase in uric acid levels can be used as an important biomarker for predicting mortality in critically ill patients; further, uric acid levels should possibly be included in the current mortality risk scoring systems. In addition, elevation of uric acid, a simple, inexpensive, and readily available biomarker, may provide guidance in the diagnostic stage and in predicting clinical outcomes of patients with sepsis or ARDS. (Clin. Lab. 2018;64:xx-xx.
INTRODUCTION
Uric acid is synthesized from xanthine via xanthine oxidase as an end-product of purine metabolism [1] . Elevated uric acid levels may be caused by an increased production of urate or by a reduction in renal uric acid excretion, or both [2] . The kidneys are responsible for the majority of daily uric acid excretion. More than 90% of all hyperuricemia cases are due to disturbances in uric acid excretion. Uric acid crystals can adhere to the surface of renal epithelial cells, which reduces the glomerular filtration rate. Increased uric acid levels can result in the development of both systolic and glomerular hypertension, which are associated with increased renal vascular resistance and reduced renal blood flow [3] . Uric acid levels vary between males and females. Normal uric acid levels are generally defined as > 6.5 mg/dL (390 μmol/L) or 7 mg/dL (420 μmol/L) for men, and > 6 mg/dL (360 μmol/L) for women [4] . Although the pathophysiological mechanisms remain unclear, serum uric acid levels have been associated with endothelial dysfunction, antiproliferative action, and increased oxidative stress [5, 6] . At low serum levels, uric acid has antioxidant properties, but a pro-oxidant state is observed when levels are elevated [5, 7] . Uric acid is a major non-enzymatic antioxidant in the blood, and it exerts a protective action on vitamin C, which is an indicator of oxidation state in organisms [8] . In one study, elevated serum uric acid levels were associated with the severity of coronary artery disease in non-diabetic and non-hypertensive patients with acute coronary syndrome [9] . In addition, it has been reported that this low-cost biomarker can be useful in identifying high risk patients with chronic obstructive lung disease that are likely to benefit from treatment [10] . Further, some studies have shown that elevated blood uric acid levels are associated with systemic inflammation and hypoxia [11, 12] . Similarly, publications have shown that changes in the oxygen carrying parameters as well as hypoxanthine, xanthine, and blood uric acid concentrations can be used in evaluating microcirculation [13] . Microcirculatory changes play an important role in critically ill patients. There are a limited number of ICU studies related with uric acid, which is a valuable prognostic biomarker. Since critically ill patients are treated in the ICU, prognostic predictors for these patients are extremely valuable. In one study conducted in an adult ICU, uric acid levels measured on the first day of ICU admission were not associated with mortality; however, they were associated with mechanical ventilation requirement [14] . Patients with sepsis or ARDS constitute an important part of ICU admissions, and previous studies have shown that serum uric acid level is associated with disease severity and prognosis in these patients [15, 16] . The present study aimed to evaluate the utility of uric acid level as a biomarker for predicting the outcomes of critically ill patients admitted to the ICU. The primary outcome of the study is the association of serum uric acid levels measured at admission with all-cause mortality at the end of the 7th, 28th, and 60th days. The secondary outcome is the association of serum uric acid levels with clinical diagnosis such as ARDS and sepsis, and the scoring systems that are used to predict organ failure and mortality in the ICU.
MATERIALS AND METHODS

Study group
This study is a multi-centered, prospective cohort study conducted in the General ICU of our University, Faculty of Medicine and in the Anesthesiology and Reanimation ICU of State Hospital. The local ethics committee reviewed and approved the study protocol prior to the start of the investigation (2017/178). Included study patients were admitted to either of the two ICUs defined above between May 2017 and October 2017. Study inclusion criteria were first admission to the ICU, age > 18 years, and ICU stay > 24 hours. Study exclusion criteria were age < 18 years, chronic dialysis, acute renal failure with creatinine level > 3 mg/dL, pulmonary hypertension, allopurinol treatment, chronic liver failure, pregnancy, and renal trauma. Seventeen of the total 145 patients were not included in the study: 3 were < 18 years old, 4 were undergoing chronic dialysis, 6 had creatinine levels > 3 mg/dL following acute renal failure (ARF), 2 had chronic liver failure, and 2 had pulmonary hypertension. The study included 128 patients who met the study criteria.
Patient data
In each patient, baseline serum uric acid levels were measured after acute interventions, prior to the initiation of the treatment process. Serum uric acid levels were measured with the uricase colorimetric (enzymatic color test) assay. The assigned uric acid reference ranges in the institutions were 3.5 -7.2 mg/dL for males and 2.6 -6.0 mg/dL for females. After measuring the baseline levels at admission, serum uric acid levels were measured once every three days of ICU stay. For patients with prolonged ICU stay, the maximum uric acid follow-up time was defined as 60 days. Additionally, the patients' demographic data, primary admission diagnoses, comorbidities, Acute Physiology and Chronic Health Evaluation (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores (assessed within 24 hours of admission), vital signs (pulse rate, systolic/diastolic blood pressure, body temperature), and biochemical parameters (hemoglobin, blood gas, lactate, Na, K, Mg, BUN, creatinine, albumin, ALT, AST, CRP) were recorded. Patients were assessed for the presence/absence of ARDS and sepsis at the time of admission and during their ICU stay. A diagnosis of ARDS was made according to Berlin criteria [17] , and a diagnosis of sepsis was made according to the 2016 sepsis/septic shock guidelines [18] . We also recorded whether patients received diuretics during their ICU stay, whether they had a mechanical ventilation (MV) requirement, number of days on MV, and duration of ICU-and hospital-stay. Patients were evaluated in terms of their 7th, 28th, and 60th day mortalities. Any mortality occurring after discharge from the ICU was detected by conducting a scan in the death notification system database.
Statistical analysis
Data analysis was carried out using IBM SPSS V23. The normality of the quantitative data was determined with the Shapiro Wilk test. Comparisons between normally distributed data across groups were evaluated with the independent samples t-test (a parametric test), and comparisons between non-normally distributed data were evaluated with the Mann Whitney U test. Comparisons of qualitative data were evaluated with the chisquare test. Changes in serum uric acid levels over time were analyzed with a repeated measures variance analysis. ROC analysis was used to determine cutoff values for uric acid levels. Associations between variables were analyzed with Spearman's correlation test. Values of p < 0.05 were considered significant.
RESULTS
Patient characteristics
Of the 128 patients included in this study, 60 (46.8%) were female and 68 (53.1%) were male. The mean age of all patients was 60.39 ± 19.81 years. Regarding ICU admission diagnoses, the most common reasons for ICU admission were intracranial pathologies (30 cases, 23.4%), respiratory reasons (27 cases, 21.1%), general body traumas (24 cases, 18.8%), and cardiac reasons (19 cases, 14.8%). The most common comorbid states were hypertension (50 cases, 39.1%), diabetes mellitus (27 cases, 21.2%), and arrhythmia (26 cases, 20.3%). The most common causes for ICU admission and comorbidities are presented in Figures 1 and 2 .
Comparisons between the survival/non-survival patient groups Among ICU admission diagnoses, intracranial pathologies were associated with significantly higher mortality rates (63.3%) than other admission diagnoses (35.7%) (p = 0.014). In addition, the mortality rates among patients admitted to the ICU due to trauma (20.8%) were significantly lower than the mortality rates of other diagnoses (47.1%) (p = 0.034). When comparing the survival and non-survival groups, the C-reactive protein (CRP) level at time of ICU admission was significantly higher in the non-survival group (18.35 mg/L (0.3 -329) compared to the survival group (8.59 mg/L (0.07 -191)) (p = 0.001). In addition, both the SOFA and APACHE II scores at the time of ICU admission were significantly lower in the survival group (5 (0 -15); 14 (2 -31), respectively) compared to the non-survival group (7 (1 -15); 17.5 (6 -38), respectively) (p = 0.001, p = 0.001, respectively). Further, the number of ICU days on mechanical ventilation was significantly lower in the survival group (1 (0 -71)) compared to the non-survival group (9 (0 -35)) (p < 0.001). Table 1 presents data from the survival and non-survival groups.
Comparison of serum uric acid and other variables
The median uric acid level of all of the included patients on the first day of ICU admission was 4.6 (1.2 -36) mg/ dL. ICU-admission uric acid levels were < 2.6 mg/dL in 22 patients (17.2%), > 7 mg/dL in 31 patients (24.2%), and between 2.6 -7 mg/dL in 75 patients (58.6%). There was no significant difference in ICU-admission uric acid levels between the survival and non-survival groups (p = 0.893). The relationships between first day uric acid level and frequently observed or high-mortality conditions in the ICU were evaluated. At the time of admission, 6 patients had sepsis and 1 patient had ARDS. During ICU-stay, 7 patients (5.5%) developed ARDS and 7 (5.7%) developed sepsis. The median uric acid level was significantly higher in the patient subset with ARDS (9.2 (6.90 -12) mg/dL) compared to those without ARDS (4.45 (1.2 -36) mg/dL) (p = 0.001). The median uric acid level measured during the first three days of ICU stay was significantly higher in the patient subset with sepsis (9.2 (4.5 -36) mg/dL) compared to those without sepsis (4.4 (1.2 -22.9) mg/dL (p = 0.02). The AUC-ROC for ARDS for uric acid value was AUC: 0.854 (95% CI: 0.766 -0.942). According to ROC analysis with regards to the probability of ARDS development, a uric acid cutoff level of 6.95 mg/dL yielded a sensitivity of 0.75 and a specificity of 0.79. The AUC-ROC for SEPSIS for uric acid value was AUC: 0.79 (95% CI: 0.669 -0.911). According to ROC analysis with regards to the probability of sepsis development, a uric acid cutoff level of 5.5 mg/dL yielded a sensitivity of 0.66 and a specificity of 0.67. Figures 3  and 4 show ROC curves for ARDS and sepsis, respectively. There was a significant but weak positive correlation between first day uric acid level and APACHE II score in the deceased patients (r = 0.361, p = 0.007). This correlation was not detected with the SOFA score ( Figure  5 ). According to the Cox regression analysis, first day uric acid level was not determined to be a significant risk factor according to hospital stay length or hospital mortality days (p = 0.904 and p = 0.787, respectively). In addition to uric acid levels measured on specific days, the time-dependent change of uric acid levels was analyzed. When the time factor was included in the binary logistic regression model as an independent variable, it was found that time did not have a significant effect on mortality; however, uric acid was detected as a significant risk factor. Elevation of uric acid level was associated with a 1.093 times higher risk of mortality. In the survival and non-survival groups, there were no significant differences between first day median uric acid levels and the 7th, 28th, and 60th day mortalities (p = 0.413, p = 0.201, p = 0.708, respectively). In addition, first day uric acid level did not significantly correlate with ICU stay length or hospital stay length (p = 0.118, p = 0.536, respectively). When comparing the last measured uric acid levels during ICU-stay, the median last uric acid level was 5.8 (0.8 -14.7) mg/dL in the non-survival group, which was significantly higher than that of the survival group (3.8 (0.9 -8.7) mg/dL) (p = 0.001). The AUC-ROC for mortality for last uric acid value was AUC: 0.674 (95% CI: 0.575 -0.772). According to ROC analysis with regards to the probability of mortality development, a uric acid cutoff level of 4.5 mg/dL yielded a sensitivity of 0.63 and a specificity of 0.62. A last uric acid level measured before mortality in the ICU > 4.5 mg/dL was associated with a 2.638 times higher risk (relative risk) for mortality. For those patients who stayed in ICU long enough to allow at least 2 uric acid measurements (115 patients), the last two uric acid levels (measured before discharge or mortality) were evaluated. Accordingly, while the medi- an uric acid level was increased 1.17 (0.26 -2.77) times in the non-survival group, it was increased 0.95 (0.26 -2.13) times in the survival group, which was significant (p < 0.001). The AUC-ROC for mortality for the last two uric acid ratio values was AUC: 0.714 (95% CI: 0.615 -0.813). According to ROC analysis with regards to the probability of mortality development, a cutoff ratio of the last two uric acid levels of 1.5 yielded a sensitivity of 0.21 and a specificity of 0.96. A 1.5-fold increase in the uric acid level predicted mortality with a positive predictive value of 92.6% and a negative predictive value of 65.2%.
DISCUSSION
The present study primarily aimed to evaluate the association between blood uric acid level (and its trend) and mortality in critically ill patients admitted to the ICU. The current results indicate that a 1.5-fold increase in the last two uric acid levels predicted mortality for deceased patients. A last uric acid value measured before mortality in the ICU > 4.5 mg/dL was associated with a 2.638-fold higher risk (relative risk) of mortality. Additionally, every 1 mg/dL increment in uric acid during follow-up was associated with a 1.093-fold higher risk of mortality. Blood uric acid level can vary with many clinical conditions and influences. In the capillary endothelium, xanthine oxidase is activated in serious infectious states, during ischemia of many organs, and during hypoxemia; it acts on xanthine and hypoxanthine to convert them to uric acid [19] [20] [21] [22] . Based on this mechanism, uric acid has been described as a marker that can indicate disturbed oxidative metabolism and tissue hypoxia [11] . Additionally, increased uric acid levels have been shown in the fluid covering the human respiratory tract. This fluid is a physiological response to increased oxidative stress and has been suggested to be an antioxidant mechanism. In light of this finding, a recent largescale clinical study suggested that uric acid may play a protective role against oxidative effects in the lungs and may protect pulmonary functions. That study reported a positive correlation between serum uric acid level and FVC% and FEV1% in a middle-aged healthy Korean population [23] . Many studies have shown that elevated uric acid levels are a potential risk factor for mortality in disorders such as sepsis, ARDS, cardiovascular disorders, kidney diseases, obesity, and diabetes mellitus [15, [24] [25] [26] [27] . However, there are few studies with regards to uric acid levels in the field of intensive care. The study by Aminiahidashti et al. prospectively evaluated 120 critically ill patients, and reported that 1st day uric acid level in ICU was not an independent variable for predicting mortality [14] . In another prospective cohort study, Hooman et al. examined 220 patients in the pediatric intensive care unit (PICU), and similarly, they did not find an association between 1st day uric acid level and mortality; however, they did find that mechanical ventilation and inotropic support requirements were associated with poor prognosis [28] . Another retrospective study including data from 471 ICU patients found no association between baseline serum uric acid level and infection prognosis [29] . Similarly, in our current study, we did not find a significant difference between first day uric acid value and 7th, 28th, and 60th day mortalities. The aforementioned studies examined only spot baseline uric acid levels in the ICU, and therefore, it is difficult to make any assumptions, as uric acid level is influenced by metabolic, physiological, and environmental factors. In our current study, we analyzed changes in uric acid levels occurring throughout ICU stay, and we found that a 1.5-fold increase in uric acid value could predict mortality with a positive predictive value of 92.6%. This data indicates the significance of uric acid as a simple and convenient biomarker for predicting mortality in critically ill patients. In many other studies, the cutoff value for elevated uric acid levels was defined as 7 -8 mg/dL, and classifications were made according to this cutoff value [14, 24, 28, 30] . The majority of our current patients were post-trauma patients requiring ICU admission; we did not include any patients with comorbidities and chronic diseases that can possibly elevate baseline uric acid levels. Possibly because of this reason, the mean uric acid level at time of admission in our current study was low. Although the blood uric acid levels measured throughout the ICU stay of some patients did not increase above the defined cutoff levels (> 6.5 mg/dL (390 μmol/L) or 7 mg/dL (420 μmol/L) for males and > 6 mg/dL (360 μmol/L) for females), our results show that an increase of a certain proportion is associated with clinical outcomes [4] . In addition, we did not find a significant association between the uric acid level measured at ICU admission and ICU stay length. Elevated uric acid levels have been shown to be present in conditions frequently requiring ICU admission such as ARDS, cardiac diseases, and COPD [10, 15, 30] . Particularly in ARDS, patients are exposed to high levels of oxygen, generally via xenobiotics or through the use of therapeutic medication. In addition, a significant association has been shown between the incidence of ARDS and low serum antioxidant level in patients with widespread inflammation, such as sepsis. Increased uric acid concentrations have been shown in the BAL fluid of patients with ARDS [31] [32] [33] . Lee et al. retrospectively reviewed data from 237 ARDS patients spanning a 6-year period, and reported that low uric acid level (< 3 mg/dL) was a prognostic marker for low in-hospital mortality [15] . In our current study, the median 1st day uric acid level was 9.2 (6.9 -12) mg/dL in patients with ARDS at the time of ICU admission and 4.45 (1.2 -36) mg/dL in patients who did not develop ARDS (p = 0.001) (Figure 3 ). This result suggests that uric acid may play a role in the increased vascular permeability, apoptosis, and fibrotic process in patients with ARDS, and that uric acid may be used as a biomarker that can be monitored in high-risk patients. Many studies have shown an association between uric acid and pulmonary diseases, including pulmonary embolism, acute COPD exacerbations, and ARDS [33] [34] [35] [36] , indicating that elevated uric acid levels may be associated with pulmonary inflammation processes.
Results of the present study also indicate that there is an association between elevated uric acid levels and an increased incidence of sepsis. We found that the median first day uric acid level was significantly higher in patients with sepsis (9.2 (4.5 -36) mg/dL) compared to those without sepsis (4.35 (1.2 -22.9 mg/dL) (p = 0.002) (Figure 4 ). It is thought that the antioxidant response is increased during sepsis in order to balance the excess proinflammatory cytokines and oxidative stress, resulting in immune system dysfunction. Uric acid is believed to be an indicator of oxidative stress in the sepsis pathway [37] . Considering that high levels of oxygen radicals and low antioxidant levels in patients with sepsis can lead to multi-organ failure, measurement of uric acid may be useful as a marker for oxidative stress in patients with sepsis. Indeed, Akbar et al.
showed that elevated uric acid levels are associated with poor prognosis in patients with sepsis [24] . Another interesting finding of our current study was that there was a significant correlation between first day uric acid levels in the ICU and APACHE II scores (which were assessed on the same day). Similarly, Akbar et al. also reported a significant positive correlation between first day uric acid levels and APACHE II scores in patients with sepsis [24] . Scoring systems used in the ICU were primarily developed to determine the risk of mortality, and they often include laboratory findings in addition to various clinical data. Our current results suggest that elevated first day uric acid level can be included in ICU scores, particularly for patients with sepsis or ARDS. Chuang et al. compared data from 73 patients with sepsis or septic shock with a control group and found a positive correlation between elevated plasma uric acid level and APACHE II score [38] . The results of that study suggest that uric acid levels in patients with sepsis can be an indicator of total antioxidant capacity and can provide early information regarding outcomes.
There are some limitations to our current study. First, this study required a prospective follow-up, and the reliability of the results would have been enhanced with an increased sample size. Second, although patients were selected according to our exclusion criteria, we did not collect information regarding patient lifestyles and socioeconomic levels, which are likely to influence their baseline uric acid levels. Third, although we questioned patients regarding their allopurinol use and other similar clinical information that can influence uric acid levels, we did not examine in detail any other medical therapies that patients were continuously receiving. Fourth, the reliability of the results should be supported by the inclusion of a greater number of patients from different subsets (i.e., ARDS, sepsis, etc.).
CONCLUSION
The time-dependent increase of uric acid levels can be used as an important biomarker for predicting mortality in critically ill patients and should possibly be included in the current mortality risk scores. Indeed, elevated uric acid levels measured on the first day of ICU admission showed a positive correlation with first day APACHE II scores. Elevation of this simple, inexpensive, and readily available biomarker may additionally provide guidance in the diagnostic stage and in predicting outcomes of patients with sepsis and ARDS.
